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ABSTRACT

New,vs]dwer aéting etchants, appiied to cleaved orthoclase crystals, have“
brought out iﬁ.g}eatér detaf] the dislocation 'structures a]oné the inter-
 face of pérthiie incluﬁions. A differentiation between microcracks in
orthoclase and'déep]} etched dislocation etch pit'arrays across micro--
perthites is postulated; Preferential etching of naturally deformed olivine.
revealed'microscopic polygonization of,dislocations producing small angle
ti1t‘bouhdaries. Improved non-destructive replication for electron micro-
scopy resulted in excellent reprodqcﬁion of crystal.surface structures and
etéh:figures.  A modified knife and anvil has been developed and tested for

cleaving CaF,.
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1.0 _ ) Introductxon

11 "_ General )
This report presents a summary of work accomplished during the period 1
‘July 1969 through 30 September 1969, on the study of the ultrahigh vacuum
_ adhes1on of 5111catesvas ‘related to the lunar surface. -This work is be1ng-
,conducted for the Office of Advanced Research and Technology, Nat1ona1
Aeronautwcs and Space Adminsstratlon, under Contract NAS7-307.
1.2 Objectives
| Tre general purposes of this program are (a) to obtain quantitative experi-
mental data concerning the orfgin of the electrica} charge distribution
producedvby the u}trehigh vacuum fracture of various silicate minerals and
rvmode1 materiale,}(b) tc’achieve an understanding ef the mechanisms res-
‘ponsible for the ebéerVed‘charge stability in-relationship to the lunar
‘environmeht; (c)'to.apply etching techniques to a variety.of possible lunar
'eilicates inc]uding ehOCk-1oaded and/or radiation damaged materials, (d)
app]y the results to further understanding the possible effects of environ-
ment on their structure in preparation for ana]yz1ng the lunar materials
returned by Apollo, and (e) attempt to obtajnﬁrnformatlon concerning bonding

-

of cryStal grains in polycrystalline rocks. , '

1.3 Approachec
The abproach used‘duringfthis report period has beeﬁ (1) to cleave silicates
at ultrahigh vacuum and measure the electrostatic charge distribution |
produced' (2)‘to obtein micrechemical and microphysidal profi]es on tﬁe
cleaved surfaces and (3) to apply defect etching techniques to a variety

of possxble 1unar s11icates.'



Approach (1).seryes'to’orQVide information on the origin and dynamics of
the obserVedveieCtrostatic charging and stability 5n dielectrics cleaved 1n .
u]trah1gh vacuum. Approach (2) serves to prov1de direct evidence of the
elat1ve roles played by composwtion gradients, dislocations, and stress :
patterns in electrostat1c charging and the potent1a1 influence on stab111ty v
~of the lunar enywronment. Approach (3) serves, to provide information about
the structurelof‘dielectrics includingithose which are shock-loaded and/or
radiation damaged to aid;in recognizing shock and radiation effects in the
Tunar sample returned by Apollo. ‘Approaches_(z) and (3) also serve to
provide infornation on intergranular bonding in oo1ycrystalline rocks which -
will prov1de 1nformat1on concerning the basic adhes1on and cohes1on mechan-

isms. and how these compare with previous observations.

1.4 Items of Interest

An 1nv1ted paper "Adhesional Behavior of Dielectric Surfaces“ was presented

at the Conference on Phys1cs of Adhe51on," University of Karlsruhe, Germany,

July 1969. Another paper "Comments on Lunar Surface Adhesion" is to berf‘,

publxshed in the Proceed1ngs of the WOrklng Group on Extraterrestrlal Resources.
In re]ated workAspohsored by NASA Houston, NAS9-8082, visits were made to

v.the University of Chicago,fGeophysicaT Sciences Laboratories, to discuss

| oiivine and‘orthociase defect'etChinguwith Dr. P. B. Moore, and to the

| Genera] Electr1c Research Laboratory, Schenectady, New York to discuss

fission track measurements wwth Dr. R L. Fleischer. In a telephone d1s-

cuss1on w1th Dr.VC B. Ra1e1gh who is with the United States Geolog1ca1

Survey, Menlo Rark, Ca11forn1a, he:-offered to provide mechanically deformed

'ol1v1ne for etch1ng d1s]ocatxons produced artiflcal1y under control]ed

cond1t10ns..u‘.; o o



2;0,'a;”1 Intfoduation

2.1 ‘J Defect Etchfng‘

The naiaka11y'déformed'blivine;crysta], 0L27A, déscribed in the Seventeenth
‘QuarteriyLReport‘(see=Figure ?) was anaiyzed‘further.  Optical photomicro-
graphy of. a1umfhi2ed etched surfaces and positive replication for electron ﬂ@
mlcrography were utllwzed to study in detail the (010) face of the suc-. :
cessxve]y po]xshed and etched crystal "Figure 1 shows po]ygon1zed boundariesf‘
" between three. o]1v1ne gra1ns, Figure 2 111ustrates a small angle tilt sub-
:boundary on the (010) ‘olivine in the [001] d1rect10n “Large dislocation

etch-pits with pointed'bottoms are aligned para]lel to;the (001) plane.

The chemical etchiag survey of crystalline defects in silicate minerals
continued;uti}iiing'préfefahtial etchant combinations composed of hydro-
fluoric, hydrochToriC5:nitric,‘aad,cjtric aciq cdmbinations. A new series

of etchants, preViéuS?y reported in'the Seventeenth Quarterly Report_NAS7~307,
containing hydrofluosilicic or hydrof}uoroboric acids, were studied further.
Pink,orthociase,_Cjeaved'along the (OO]) faae,'efched with a fluoroboric

acid mixture fér 6né minute, reVea]ed dislocation etch pits a]oﬁg the perthite-
orthoclase‘matrix,‘ Déep micaocracks, which normally appeared after five'to o
ten seconds etch with théarapid H# etchants, appeaked as a series of etch,

pits across the perthites; contipuing in a straight line into the orthoclase
’matrix;? Figqré 3 and Figarel4 illustrate the etched (001) surface. The
othér~intére§ting feathre:is,the long narrow perthites (or another phase)

with dislocation eﬁch'pjts symuetrically obpdsed at the mairix interface,
sometimes diséonnectéd‘3thu§fnot giviag'the appearance of a microcrack.
Orthoclase etched with a hydrofluoroboric acid etchant. containing a metal

salt add1t1ve, shown 1n Fzgure 5 appeared to etch mlcrocracks preferent1ally



in the'orthocla;e,matrix.-'This should be compared,with.deep etcning of
dislooetions in the;oerthfte-orthoclasé matrix, along microcracks and join-

1ng symmetrxca] pxts in narrow phases shown' in Figure 6. This positive replica
; wllustrates the' etch1ng actlon of prevwously reported etchant No.~6; (See

| Seventeenth»and E1ghteenth'Quarter1y Reports.)

A (0&0) cleavage of orthoclase etched th1rty m1nutes in hydrofluosilicic
acid 1s shown in ngure 7.. The electron mwcrograph was‘made from a’ posut1ve~,
' repllca. Crystallograph1c divections and dislocation etch pits previously

revealed with faster etohahts, appear in.greater detajI;

Natural radrat1on fission damage found in biotite mica, utilizing the
No. 5 etchant, was reported prevzously Figure 8 illustrates examples of

fission tracks found after twenty hours of etchzng.

2.2 .E]ectrosoatio Charging '

2.2.1 Run Nof E-H«CAF (1)

‘Pure CaF 1s the flrst synthet1c, model dielectric material which has been
~ cleaved in our vacuum system. It was first reported in the previous
quarter]y report;g It is cubic (Z=4) space grouo Fm3m. Perfect {111}
c]eavage has been a prob]em because stra1n induced by the rotary motion UHV
feedthrough check (compounded by the c]eavage itself) led to spontaneous

fracture 1n31de_the~collar,,some hours after cleavage.

The notch oleavage sys;em used for brittle~frac£ure of mineral silicates has
not been very sucoeesfu11With Can. The tendency»to fracture along ioter-

secting‘{lll}.facesioroduCeseuncontrolled steps, e, g., in E~11 steps 500 u



high. This high point exhibited a strong positive peak positioned approxi- -
mately 120° from the bleavage slot (see Figurelz,.Eighteenth Quarterly '

. Repofp). Alsecondany‘maximUm_Was found 120° from both of these boihts.

A mddi?ied,anvil and chisel system was  developed and tested in air. The -
v‘anviI had'a«rqdhded‘sadd]e-shape-to prevent sharp edges touching the crystal.
chakatteristic Of the v;s]otted anvil used with the siaicates.  A single
*.gdge-raior b]adé wés'subeitutedlforvfﬁe=cbiselxﬁ Without using a notch,
‘i? was possible to;getfa'perféct g]eavége if thé direction¥ﬁas‘[772] in air.

This system fs now being used for UHV cjeavagea



3.0 - Discussion

3.1 ; ; . Defect Etching

"The s]ow etchants developed for sidicates consistlng of complex fluorine |
:acwds thh addltlons of other inorganic acids and inhibiting agents, have 'ffwf
Vproduced wnterestlng results when applied to féldspar sxng]e crystals. |
They appear to be more se]eptxve to dislocations, and’the slower react1on
rates makes etching eosief to control than with a wide range of HFietchant

i combioationsl, One of the new fluoroborIc acid etchants seemed selectlve ,

to the potassium phase, th1s remains to be confirmed. Some defects prevwous]y
,c1ass1f1ed as. m1crocracks may be on]y polygon1zed ‘dislocation arrays, \
fre]1ev1ng stresses between the a1b1te perthites and the orthoclase matrix.

'~Some deeper cracks, revealed by opt1cal and electron microscOpy on cleaved -
vsurfaces before etch1ng, may have formed due ‘to cleavage and fracture

'stresses.

Chemica]]y'etcheof(O}O)‘dfs}oCationS'in mechanica]]y‘defofmed olivine were
idescribeduby‘c; YoUng kReferehce l)of Dis]ocetion etchfng of naturally
deformed olivinevcrystal_OL27Al(Fosterite 85%, Fayalite 15%) using a new
etchant_resujiedgin“yeyeajfng diSlocations.onithex(OOl) and (300) faces as
Cwell as thev(Q]O)ifacé;s‘The predominant feature brought.out by etching is
po]ygooiza;iOn*orodUCihg’low angle grain boundaries and tilt sub-boundaries_

on the (010) plane in the [001] direction, Figure 1.

_Smaller_(Z:see; arc)mfiltssub-boundaries ithhe [100] direcfion‘on the (010)
:plane"ﬁefe e1SO obserVedk ‘Large dislocation etch pits on'the.(010) piane‘_ g
: showed the crysta] symmetry, but varied in sxze and shape. Most were rec-
tangu]arﬁllke w1th pointed bottoms, the longer, curved sides. of the rectangle

being paral]el to the (001) p1ane.



Grain boundary angle measurement, Figures 1 and 2 for example, is based on

the existénce of a single di;]ocation for each miséing lattice plane (on one
side‘of an‘edgg{d151ocation)."when,two grains form a boundary with angle |
@ﬂbéthen them, missing planes start at regular intervals indicated by the  }
disloéationietch‘biis.' If the lattice'ﬁpacing along the grain boundary is :
b and the ]attice1Spacing'perpendfcu]ar‘to the boundary. is d, then the dis-‘

1OCation intefva1 is giveh~b¥‘tan é = d/nb. The denomiﬁatqr is the observed

average separation of the dislocations. .

The chemical etchants developed here for'revea]ing‘dislbcations, deformation
and radiation damage in silicaté crystal structures will have important
application in the miérochemicél and‘microphysical examination of lunar rocks °

and minerals.



4,0 ~thureyWork

béfbfmatibn of Sh@;k{1qa¢édband radiation-damaged crystal silicates obtained
ffdm.Sedén Nuclear Crater, Nevada test site;.hill be examined by the chemica]f *fA
‘etchjng.,fSlow etchants'developed.for the féldépars. pyroxeues and olivine "’
"‘YWill'ﬁe;used in thé'studye Mechanically deformed blivine from United'Stﬁtésffis[
:"~Geo}§g§éé] Survey studieé;(see Reference 2*) wiil-be chemically etchéd fbr N
| .CompaffSOH with-nétUral]y'deformed o]iQine structures. More emphasis Qi]l

be pfaced on célciC*p1agioc1ases in theTétching,studnyihcexthey'form a
,major:fkactioh of 1unarvfe1dspars, Another impdrtant lunar mineral, ilmenite;,

will be studied also.

Work wiT]-beVQOmp1etéd on model material cleavage. An attempt will be made -
'to test the‘ﬁypothesis that dislocations are intfoduced by -the cleavage prp—‘,
- cess and the]obsekved electrical charge is associated with the resultant

strain.

Referencevi; -Chapman'Young'III. Dislocations in the Deformation of Olivine,
American Journal;deSQience, Vol. 267, 1969. |
Reference 2;;«Cg;B;ﬁRa]eigh}; Mechanisms of R]as#ic Deformation of O1ivine.”

J. Geophys. Res. 73, 5391-5406 (1968).



ILLUSTRATIONS

'f"E]eEtron Micrographs

.ngurealfi“Pos1t1ve rep11ca of polygon1zed olivine boundaries on polished
. SR and etched (010) surface. Insert is an optical photomlcrograph.. g

' gAngles between adJacent gra1ns are indicated. B

_fFigureVZ,'_ Positive replica of small angle grain boundary on olivine (010) -
.in»thev[001j:difectionL Note the aggregate of edge dwslocations -

~almost parallel to the gra-n boundary..

'Figureisz Positive replica of pink orthoclase, cleaved:(010);5magnificatjon'

approximately 8,000X,

Figure 4 Pos1b1ve ‘replica of pink ‘orthoclase, cleaved. (010). magnification

3?approx1mate1y 29,000X.

.Figure 5 YP051t1ve replica of pink orthoclase. Sect1on 9, cleaved (001),

magn1f1cation approx1mate1y 8, OOOX.

Figure 6:_ Positive replica of white orthoclase, cleaved (001) magnif1cat1on ”

,1approx1mate1y 29,000X. .

N\
e

Figure 7 Posit1ve rep11ca of white orthoc]ase, cleaved: (001), magnxficatlon

s
'approxxmately 29,000X.

Figure 8"’ ‘FiSSibn‘trécks:id biotite mica. Optical -photomicrographs with
‘both feflected.and‘;ransmitted light.l;Magnifications~approximately‘
© 325X and 570X, | | | |
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FIGURE 8



